Introduction
During the extraction of crude oil, well production, injection and measurements are all inseparable from the packer. Also, rubber is a key part of the packer sealing the casing annulus by axial compressive force. Under the usage conditions of rubber, a variety of stretched crystal properties of rubber have actually disappeared, i.e., have exceeded the tensile crystal melting point of rubber. Performance high strength features ceases to exist under room temperature. The large reduction of rubber properties as temperature rises is the main cause of high temperature, aging damage, therefore increasing the strength of rubber materials and improving its resistance to aging ability is the key to increasing packer rubber properties. In order to solve general packer rubber resistance to temperature and pressure problems, experimental and theoretical analysis is carried out on the composition of packer rubber.
Research on Properties of Packer Rubber
By changing the rubber formulations and methods of production, a high quality rubber of 150°C high temperature and 70MPa high pressure is developed. Principal materials of packer rubber include: Hydrogenated acrylonitrile-butadiene rubber (HBNR) is selected as the principal material for packer rubber, because it has comparatively high physical and mechanical properties of, better process performance and low price. Because of the seal pack and gross deformation performance of packer rubber, the selected compound of vulcanized rubber possesses high strength and elasticity characteristics. By process of sample experimentation, each compound of vulcanized rubber is tested below.
Effects of the Amount of Vulcanizing Agent DCP to Vulcanizing Properties
Effects of vulcanizing properties by changing the amount of vulcanizing agents DCP (according to experience determines the ratio of other components similarly) are as shown in Fig 1. From Fig 1, it can be seen that as more vulcanizing agents DCP is used, vulcanizing rubber elongation decreases rapidly, tensile strength increases; and reduces after the use of vulcanizing agent DCP is at its highest of 1.7g.
Comprehensively, vulcanizing agent DCP is fixed between 1.5g and 2g. Effects of Reinforcing Agents S201 on Vulcanizing Properties
Effects of the types of reinforcing agents (magnesium methacrylate) on vulcanizing are shown in Table 1 . It can be seen from Table 1 that, according the increasing usage of magnesium methacrylate, tensile strength of vulcanizing rubber, elongation and hardness increase; elongation rate shows increasing trends and rebound value decreases. When reinforcing agent magnesium methacrylate is 30g, elongation rate of vulcanization rubber reaches its maximum value, after which it reduces slowly; when reinforcing agent reaches 50g, tensile strength and elongation of vulcanization reaches its maximum value.
Comprehensively, reinforcing agents S201 is fixed between 30g and 50g. Effects of Accelerators M on Vulcanizing Properties Effects of the quantity of accelerator usage in rubber vulcanizing characteristics and physical properties are as shown in Table 2 . It can be seen from Table 2 that as the quantity of accelerator usage increases, rubber liquidity decreases; scorching and sulfating speeds of rubber are all increases; crosslinking density also increases.
Comprehensively, accelerating agents M is fixed between 1.4g and 2.0g. Effects of the Quantity of Antioxidants 4010NA on Rubber Aging Properties After 100°C×24h aging of different quantities of antioxidant compounds, tensile strength retention, tensile elongation retention and tear strength retention are shown in Fig 2 and 3 respectively. It can be known from Fig. 2 and Fig. 3 that as the quantity of antioxidants increase, the retention of rubber elongation and tear strength by antioxidants first increases, then declines and gradually becomes stable.
Comprehensively, the quantity of antioxidants is fixed between 1g and 3g. Effects of the Quantity of Carbon Black N330 on Vulcanizing Properties
From Table 3 , it can be seen that the quantity of carbon black N330 has significant effects on the physical properties of vulcanizing properties. As the quantity of carbon black increases, shore hardness and elongation of vulcanizing rubber all increase; elongation rate and permanent deformation reduce. When the quantity of carbon black used is 60g, tensile strength of vulcanizing rubber is at its maximum.
Comprehensively, the integrated properties of vulcanizing rubber is better when the quantity of carbon black is fixed between 40g and 65g. Effects of Cross-linking Agent TALC on the Mechanical Properties of Rubber Effects of cross-linking agents on rubber elongation strength From Fig. 4 , it can be seen that rubber has a certain degree of increase in tensile strength as cross-linking agents are added. Also, as the quantity of cross-linking agents increase, tensile strength of vulcanizing rubber shows a trend of an initial increase followed by decrease, and it is at its maximum when the quantity of usage 3g.
Effects of cross-linking agents on rubber tear strength It can be seen from Fig. 5 that as cross-linking agent TAIC is added, rubber tear strength of vulcanizing rubber slightly increases to a peak value after which its declines. When TAIC usage is at 3g, the tear strength of rubber reaches its maximum value. Effects of cross-linking agents on Hydrogenated acrylonitrile-butadiene rubber Fig. 6 shows the effects the types and quantity of cross-linking agents on Hydrogenated acrylonitrile-butadiene rubber. From the figure, it can be seen that with the increasing addition of cross-linking agents, the tear strength of rubber obviously increases. Due to the addition of cross-linking agents, the crosslinking density of the rubber is obviously improved, thus its strength also increased.
Comprehensively, the quantity of cross-linking agents is fixed between 2g and 4g. From the above experimentation data, the formula for rubber compound is determined as shown in Table 4 .
Analysis of Packer Rubber finite element modeling
Determination of parameters of packer rubber materials In this study, the Mooney-Rivlin constant model [5, 6] is used. the model is used in cases where the strain(tension) is approximately 100% and (pressure), 30%. Compared with other options, for solving bigger strain problems higher order Mooney Rivlin options give a better approximation. According to the incompressibility of rubber material, namely, I3≡1, W can be expressed by Rivlin derived deformation tensor invariant series form:
(1) Mooney-Rivlin model for incompressible rubber materials:
W is strain energy density; I1, I2 are first, second Green strain invariant, and C1, C2, for the material mechanical properties constant.
Through compression test data and the nonlinear finite element analysis simulation drawing of axial compressive load deformation curve, when the variable is less than 5mm, the measured curve and nonlinear finite element analysis simulation curve coincidence, when the deformation is more than 5mm, C2 / C1 has a bigger effect on the results, when C2/C1=0.05 the simulation curve and experimental curve give the best coincidence, determine C2/C1=0.05 then calculate elastic modulus and material constants of shore hardness equal to80, 88 and 95as shown in table 5. Fig. 7 is a packer rubber model, packer rubber size (outer diameter) x ∮ 115mm ∮ 70mm (inner diameter) x 148mm (length). Fig. 8(a) is the 80 degree stress cloud chart. From the Fig. 8(a) we can see the packer rubber and casing wall has are completely in contact. The two edges of the rubber barrel have evident tear, although packer rubber need relatively small sitting seal force, (the applied load displacement and the actual displacement is small), but plastic cylinder anti extrusion property is poor and cannot satisfy the requirements.
Modeling and Analysis of Packer Rubber by Using Finite Element Method
A1 is a central tube, A2, A4 is the upper and lower ring, A5 is the casing, A3 is the packer rubber. ) we can see the packer rubber and casing wall are completely in contact, there's a tearing phenomenon at the two edges of the rubber barrel. At this time the plastic cylinder seal force is relatively appropriate (Applied displacement and actual displacement is the same), the packer rubber also has certain anti pressing performance, so this form of packer rubber in theory meets the requirements. Fig. 8(c) is the 95 degree stress cloud chart. From Fig. 8(c) can be seen that there is there is a certain gap between the packer rubber and casing wall, so there's need for a larger force to be applied for sealing. (the applied displacement and actual displacement are big), and in the practical application it's very hard for the pipe string to provide that much sitting force, so a hard packer rubber is unable to meet the requirements.
Laboratory Experimentation
According to the analysis above, sampling experiments is performed on rubber compound formula; Rubber HBNR (100g), Zinc oxide (5g), Stearic acid SA (1g), Plasticizer (5g). Its composition ratio is as shown in Table 7 . When the hardness of the first group experimentation packer rubber is low, although its required setting for small, its tear resistance is poor, causing it to break easily. Experiments show that when hardness is 80 degrees, packer rubber is unable to support demands. The packer rubber of the second experiment has high hardness, good tear resistance, but lacks packer performance (setting force 40kN) after setting 9 times. Although the breaking of packer rubber is comparatively light, it cannot meet seal requirements regardless of setting in the end.
The conclusion of the third group of experiment proves that the packer rubber at this time can satisfy field requirements regardless of mechanical resistance and sealing performance; eventually reaching a satisfactory result.
Using personally made tools on a combination of packer rubbers to carry out high temperature and high pressure performance experimental tests, field environmental simulation of experiment determines the packer rubber formula. It can be known from the above experimental data that rubber components are most suitable when shore hardness of packer rubber is 88 degrees. Figure 9 . Picture of the first, second, third group experimentation packer rubber.
Summary
We obtain through experimental methods that the optimal formula for drag type bottom-seal packer rubber is: Hydrogenated acrylonitrile-butadiene rubber (HBNR)(100g), vulcanizing agents DCP(1.7g), accelerators M(1.6g), antioxidants 4010 NA(2g), high wear resistance carbon black N330(50g), cross-linking agents TAIC(3g). It can be obtained through finite element analysis and experimental method that when shore hardness of packer rubber is 88, maximum compression distance and maximum stress is 35mm is 51MPa respectively. Through experimental method, it can be obtained that at sleeve inner diameter of 124.3mm, 120℃ temperature, 70 MPa pressure; under 15kN release load conditions, setting solution repetition of the bottom-seal of the packer rubber releases 227 times.
